Radiation Laboratory, Department of Physics Universf t y of California, Eerkel-ey, Calif orni~b I n t h e c o m s e of making measurements on proton-proton s c a t t e r i n g , i t has occurred t o us t h a t l i g h t nuclei should be s u f f i c i e n t l y transparent t o high energy protons t o allow observation of proton-proton c o l l i s i o n s within t h e nucleus. The u l t i m a t e g o a l of such an i n v e s t i g a t i o n would be t o explore t h e frequently used model i n which nucleons within m c l e a r matt e r a c t very much a s do f r e e nucleons, and t o determine t h e nucleon momentum spectrum within nuclei. Concurrently wfth our work, an experiment with s i m i l a r purposes One s a l i e n t of equal mass i s has been conducted by Cladis, Hess, and Moyer, 1 c h a r a c t e r i s t i c featupc of t h e s c a t t e r i n g of two bodies t h e f a c t t h a t they escape a t 90' i n t h e labcratory system and it was decided t o observe t h i s a s p e c t of t h e c r l l i s i o n .
I n order t o study t h i s phmomenon more c l c s e l y , we have used a l i t h i m t a r g e t i n t h e apparatus used previously f o r proton-proton s c a t t e r i n g , 2
Our experimental arrangement i s v i r t u a l l y i d e n t i c a l t o %hat shown i n Fig, 1 of reference 1, with counters A and B i n a h o r i z o n t a l plane containing t h e beam, W e use only t h e laboratory coordinate system, i n which counter A i s a t angle Q from t h e beam, and counter B i s a t angle @ from t h e b e m on t h e opposlte side. I n t y p i c a l observations, d e t e c t o r A was kept a t a fixed angle wkile t h e coincidence counting r a t e was measured a s a function o f t h e a n g k @ of counter B. I n a l l cases t h e coincidence r a t e s were c a r e f u l l y extsapolated t o zero beam i n t e n s i t y t o eliminate accidental coincidence counts, Typical s o l i d angles subtended by t h e counters a t t h e t a r g e t were about 0.05 s t e rbdian The U thium t a r g e t ha6 a thickness of 0.46 g/~m-2.
The berur, gration rnnthod was t h e same a s t h a t described i n reference 1.
The curves shown i n Figures 1 and 2 represent t h e r a t e of coincidences a s a function of t h e angle of one of t h e counters, t h e other counter being held fixed a t 45' and 30' i n t h e respective cases. I n both oases t h e two counters and t h e beam were i n a common plane a t a l l times. The abscissa useC i n t h e f i g u r e s i s t h e d w i a t i o n of t h e angle between the two counters from 90' .
The r e s o l u t i o n curves shown i n the f i g u r e s are those calculated from t h e s i z e s of t h e s t i l b e n e counters. These shapes have been checked i n d e t a i l using f r e e p-p scattering.
S i d l a r curves have been obtained by moving counter B v e r t i c a l l y , out of t h e plane defined by t h e beam and counter A. These have been used t o perform an i n t e g r a t i b n of t h e coincidence counting r a t e over a l l positions of counter B, t o obtain t h e d i f f e r e n t i a l cross s e c t i o n f o r t h i s e f f e c t i n t h e d i r e c t i o n of counter A. The r e s u l t is (39 4 ) X cm2/sterad. -Li atom (lab. system) a t 30' (lab. ).
The simplest analysis of t h e r e s u l t s shown %n Figures 1 and 2 can be made on t h e assumption t h a t we d~j a l with p-p s c a t t e r i n g of the impinging proton by an individual proton i n t h e Li nucleus. After t h e col3ision, t h e 2 protons escape without suffering any other c o l l i s i o n ; otherwise they would not be detected by t h e counter arrangement used, The p o t o n s i n t h e Li nucleus, however, a r e not a t r e s t and i n a m l y i n g t h e conservation of energy and momentum t o t h e system we s h a l l t a k e i n t o account by some advLttedly crude assumptions, t h e i n t e r n a l motion of t h e protons and t h e i r binding energy. Mev. The number of protons wLth a value of p f n a n 'f nterv a l dp and moving i n t h e plane of P and P f i s proportions1 t o pdp, and i f we perform t h e i n t e g r a l B (p)pdp we obtain a function of Pwhich i s not. too
3' YJ
d i f f e r e n t from a t r i a n g l e having a maxinum at $ = -2.6' and a b&se of 62'
extending from ifi = -39' t o 23' ( f o r t h e case 6 .& = 45O).
Actu.al?-y t h i s consideration i s not r e l a t i v i s t i c and we can t z k e r e l at i v i t y i n t o account approximately by s h i f t i n g our calculated curves i n such a ~8 p that. they have a maximum a t = -go and not a t = -2*601 -5.6'
b-in€ t h e r e l a t i v i s t i c value of
that would obtain i n f r e e p-p s c a t t e r i n g , . +
It i s noteworthy t h a t t h e spread i n s'mrved a g m wtth the om corwsperding t o a n?axL~urn k i n e t i c energy of nucleons with t h e nucleus of 20 Nev, hrtkiermore, t h e r e i s approximately t h e expected s h i f t of t h e rmxirnun and the n x p c t e d increiised spread as i s changed frorc 45' to 30'. m W e can a l s o compare t h e f r e e p-p d i f f e r e n t i a l s c a t t e r i n g cross section with t h e d r f f e r e n t i a l c r o s s s e c t i o n obtained by i n t e g r a t i n g over a l l direct i o n s of the second counter. A t 6 = so0, the f r e e p-p moss section (lab-2 oratory system) i s 13.2 x cm steradog'. Three times t h i s cross sec-2 -1 t i o n i s 39.6 x CIU sterad. . This compares remarkably well with the 2 cross section (39 * 4) x loa7 cm sterad:' obtained from lithium. It should be mentioned, however, t h a t the v e r t i c a l spread, observed when count e r B i s moved out of the plane of P and PI, i e abopt 40 percent larger than t h a t t o be expected from the p r w e n t i n t e r p r e t a t i o n of the horizontal spread ( Figs. 1 and 2 ). This aspect w i l l be investigated more closely i n f u r t h e r work.
These experiments are p e l i a n a r y i n nature but they show qualitative f e a t u r e s which seem of i n t e r e s t t o us. When improved and extended, they 
